Introduction
============

Ureteral obstruction is a common urological disease. If not treated in a timely manner, it will progress toward renal interstitial fibrosis, which is a common, irreversible pathological change that is also observed in other chronic and progressive kidney diseases ([@b1-mmr-16-06-8916]). The unilateral ureteral obstruction (UUO) model is a classical animal model used to study obstructive renal tubular epithelial apoptosis and interstitial fibrosis ([@b2-mmr-16-06-8916]). The major presentations of renal injury caused by UUO are renal tubular epithelial cell apoptosis, interstitial inflammatory reaction and progressive fibrosis, of which, cell apoptosis has a close relationship with renal fibrosis ([@b3-mmr-16-06-8916]). Inhibition of cell apoptosis may delay or reverse renal tubular interstitial fibrosis to improve renal function and the prognosis of patients with kidney diseases ([@b4-mmr-16-06-8916]). The Bcl-2 family members are key factors in the regulation of apoptosis. Bcl-2 is a proto-oncogene and can inhibit cell apoptosis, whereas Bax promotes cell apoptosis. Up-regulation of Bcl-2 and downregulation of Bax indicates that renal cell apoptosis is diminishing ([@b5-mmr-16-06-8916]). During cell apoptosis, the caspase family member, caspase-3, is the most important terminal cleavage enzyme. It plays the role of an apoptosis executor and is also an important component in the killing mechanism of cytotoxic T lymphocytes (CTL).

Ulinastatin (UTI) is a type of glycoprotein isolated from human urine. It is a typical Kunitz-type, broad-spectrum, high-efficiency protease inhibitor ([@b6-mmr-16-06-8916]). It functions in the clearance of oxygen free radicals and the inhibition of inflammatory reactions ([@b7-mmr-16-06-8916],[@b8-mmr-16-06-8916]). It is applied clinically for the treatment of acute pancreatitis and extracorporeal circulation injury and the prevention of shock and surgical invasion. Recent studies indicate that UTI inhibited cell apoptosis during brain injury ([@b9-mmr-16-06-8916],[@b10-mmr-16-06-8916]) and had a protective function in various acute renal injuries ([@b11-mmr-16-06-8916],[@b12-mmr-16-06-8916]). In addition, it has been reported that UTI inhibited lung ([@b13-mmr-16-06-8916]) and renal ([@b14-mmr-16-06-8916]) fibrosis; however, the specific mechanism is still not clear. This study aimed to investigate whether UTI inhibits renal interstitial fibrosis by preventing renal cell apoptosis in UUO rats.

Materials and methods
=====================

### Ethics statement and animals

Male Wistar rats aged 8--12 weeks with body weights of 180--200 g were provided by the Animal Experimental Center of the Second Affiliated Hospital of Harbin Medical University (Harbin, China). All rats were nurtured and maintained according to the 'Care and Use of Laboratory Animals' guidelines published by the National Institute of Health ([@b15-mmr-16-06-8916]). The animal use protocol was reviewed and approved by the Institutional Animal Care and Use Committee (IACUC) of the Second Affiliated Hospital of Harbin Medical University.

### Establishment of the animal model and grouping

A total of 18 male Wistar rats were randomly divided into the following 3 groups: The sham surgery group (Sham, n=6), the UUO group (UUO, n=6) and the UTI group (UTI, n=6). The UUO model was established according to previous literature ([@b16-mmr-16-06-8916]). The UUO and UTI groups received a left ureteral ligation after intraperitoneal anesthesia using 10% chloral hydrate and received intervention using normal saline (1 ml/kg/d) and UTI (40,000 unit/kg/d; Techpool Bio-pharma Co., Ltd., Guangdong, China) starting on day 1 after surgery. On day 7 after surgery, the rats were sacrificed using euthanasia. In the Sham group, the left ureter was freed but not ligated after intraperitoneal anesthesia using 10% chloral hydrate; after 7 days of abdominal closure, the rats were sacrificed using euthanasia.

### Specimen collection and processing

Before the rats were sacrificed, 5 ml of venous blood was collected from each rat. The serum samples were separated by centrifugation and stored in a −20°C freezer. Normal saline was perfused through the left ventricle to wash the renal tissues. The renal cortical tissues at the obstruction side were collected; some tissues were placed into cryotubes, snap frozen and stored in a −80°C freezer. The remaining tissues were divided into 2 blocks, each with a size of approximately 4×5 mm; fixed in 4% paraformaldehyde for 36 h; and conventionally prepared in sections of approximately 4-µm thickness for pathology staining, immunohistochemistry and terminal deoxynucleotidyl transferase dUTP nick end labeling (TUNEL) staining.

### Detection of biochemical indicators

The serum blood urea nitrogen (BUN) and serum creatinine (Scr) were detected using an automatic biochemical analyzer.

### Examination of pathological changes in renal tissues using renal histopathology and semi-quantitative analysis

Paraffin sections were used for routine hematoxylin and eosin (H&E) and Masson staining. The levels of renal tubular injury and renal interstitial fibrosis were evaluated using a semi-quantitative scoring method ([@b17-mmr-16-06-8916]). Twenty-five different high-power fields were randomly selected in each specimen (magnification, ×100). Renal tubular injury included vacuolar degeneration, necrosis and renal tubular dilation and atrophy. Renal tubular injury classification was as follows: 0 points, normal; 1 point, renal tubular injury in \<25%; 2 points, renal tubular injury in 25--49%; and 3 points, renal tubular injury in ≥50%. Renal interstitial fibrosis classification was as follows: 0 points, normal; 1 point, renal interstitial fibrosis in \<25% of the field area; 2 points, renal interstitial fibrosis in 25--49% of the field area; 3 points, renal interstitial fibrosis in 50--74% of the field area; and 4 points, renal interstitial fibrosis in ≥75% of the field area. The average values of 25 fields were calculated to obtain the renal tubular injury index and renal interstitial fibrosis scores of a specimen.

### Detection of the percentage of renal tubular epithelial cell apoptosis using TUNEL staining

After the paraffin sections of the renal tissues were deparaffinized and rehydrated, the procedures were performed according to the instruction manual of the TUNEL reagent kit (Roche Applied Science, Madison, WI, USA). Sections were developed using DAB, and the nuclei were counter stained using hematoxylin. Sections were mounted and observed under a light microscope. Twenty-five different fields were randomly selected under high-power magnification (×400) to count the number of apoptotic renal tubular epithelial cells. The average value was used as the value of apoptosis.

### Immunohistochemistry and semi-quantitative analysis

Paraffin-embedded tissue sections of 4-µm thickness were sequentially processed with tissue fixation, dehydration and antigen retrieval. Changes in the distribution and expression of Bax, Bcl-2, caspase-3 in the renal tissues were detected using indirect immunostaining. The mouse anti-rat Bax, Bcl-2 and caspase-3 monoclonal antibodies (1:100; BD Pharmingen, San Diego, CA, USA) were added separately and incubated in a moisture box at 4°C overnight. PBS was used to replace the primary antibody and used as the negative control. Horseradish peroxidase-labeled anti-mouse secondary antibody IgG (1:100; Santa Cruz Biotechnology, Inc., Dallas, TX, USA) was added and incubated in a moisture box at room temperature for 2 h. The results were developed using DAB, and sections were mounted and observed under a microscope. Classification of the Bax, Bcl-2 and caspase-3 staining was as follows: 0 points, no renal tubular and interstitial staining; 1 point, \<25% renal tubular staining with a lighter color; 2 points, 25--49% renal tubular staining with a proper color; 3 points, 50--74% renal tubular staining with a darker color; and 4 points, ≥75% renal tubular staining with a very dark color. Twenty-five different fields were randomly selected under high-power magnification (×200), and calculations were performed according to the above semi-quantitative method. The average value was the experimental value of the specimen.

### Statistical analysis

All data are expressed as the mean ± standard deviation (x ± s). SPSS 17.0 statistical software (SPSS Inc., Chicago, IL, USA) was used for the statistical analysis. Comparison of the mean values between the groups was performed using one-way analysis of variance (one-way ANOVA). Pairwise comparison between the mean values was performed using a t test. P\<0.05 indicated the difference had statistical significance.

Results
=======

### Scr and BUN results

The rat Scr and BUN levels were within the normal ranges in all groups, and there was no significant difference among them (P\>0.05) ([Fig. 1](#f1-mmr-16-06-8916){ref-type="fig"}).

### Renal pathological changes

Observation using the naked eye showed that the size and morphology of the kidneys in the Sham group were normal and that the color was ruddy. In the UUO group, the kidney at the obstruction side had obvious swelling and enlargement, the renal pelvis had a large amount of effusion, and the renal parenchyma became thinner. In the UTI group, the kidney had slight swelling and enlargement, there was a small amount of effusion, and the parenchyma became slightly thinner. Under a light microscope, the renal interstitium and renal tubular structure were basically clear and intact, the vacuolar degeneration of renal tubular epithelial cells was observed sporadically, and there was focal inflammatory cell infiltration. The UUO and UTI groups had different degrees of diffuse renal interstitial inflammatory cell infiltration, there was interstitial widening, there were different degrees of accompanied renal tubular dilation or atrophy, there was interstitial fibrosis, and there were no obvious glomerular lesions. The lesions in the UTI group were significantly decreased compared to those in the UUO group. The kidney H&E and Masson staining results in the 3 groups are shown in [Fig. 2A and B](#f2-mmr-16-06-8916){ref-type="fig"}, and the semi-quantitative scores are shown in [Fig. 2C and D](#f2-mmr-16-06-8916){ref-type="fig"}.

### Changes in renal tubular epithelial cell apoptosis

The TUNEL staining results showed that renal tubular epithelial cell apoptosis was sporadically observed in the Sham group, while apoptotic cells in the UUO group significantly increased and were mainly distributed in dilated or atrophic renal tubules. However, compared to that in the UUO group, the number of apoptotic cells in the UTI group significantly decreased. The corresponding results are shown in [Fig. 3](#f3-mmr-16-06-8916){ref-type="fig"}.

### Expression of Bcl-2/Bax in renal tubular epithelial cells

There was more Bcl-2 expression in normal kidney, especially in the cytoplasm of renal tubular epithelial cells. After the UUO injury, the Bcl-2 expression significantly decreased. After the UTI intervention, the expression increased. In the Sham group, the expression of Bax was lower. After UUO, Bax was mainly expressed in dilated or atrophic renal tubules; compared to that in the Sham group, the expression significantly increased. After the UTI, Bax expression was significantly downregulated. The staining results are shown in [Fig. 4A and B](#f4-mmr-16-06-8916){ref-type="fig"}, and the semi-quantitative scores are shown in [Fig. 4C and D](#f4-mmr-16-06-8916){ref-type="fig"}.

### Caspase-3 expression in renal tubular epithelial cells

Positive caspase-3 expressing renal tubular epithelial cells mainly localized in dilated or atrophic renal tubules. The cytoplasm of positive cells were yellow or brown, and the cell nuclei presented with partial yellow or brown-yellow color. In the Sham group, the caspase-3 expression level was lower; in comparison, the expression in the UUO group significantly increased. After UTI treatment, the expression was downregulated. The staining results are shown in [Fig. 5A](#f5-mmr-16-06-8916){ref-type="fig"}, and the semi-quantitative scores are shown in [Fig. 5B](#f5-mmr-16-06-8916){ref-type="fig"}.

Discussion
==========

Renal interstitial fibrosis is a common presentation in all types of kidney diseases of end-stage disease progression. Ureteral obstruction is also an important factor that causes renal interstitial fibrosis. The UUO rat model features include that it does not influence the blood pressure and blood lipid levels of model animals, there is no proteinuria, there is no obvious immune and toxic renal injury, and it does not cause renal impairment (compensated by the contralateral kidney) ([@b18-mmr-16-06-8916]). It is a classical animal model used to study renal interstitial fibrosis ([@b2-mmr-16-06-8916]). Its renal injury process is the result of the common action of many factors, such as various types of cells and cytokines. However, the question of how to block and/or reverse the renal interstitial fibrosis process is of significant clinical concern.

UTI is a glycoprotein isolated and purified from human urine. It has inhibitory functions on many types of enzymes, including serine proteases such as trypsin and α-chymotrypsin, granulocyte elastase, hyaluronidase, thiolase and plasmin ([@b6-mmr-16-06-8916]), playing a role in the clearance of oxygen free radicals and inhibition of release of inflammatory mediators and neutrophil activation ([@b7-mmr-16-06-8916]). It is used clinically for patients with acute pancreatitis, ischemia/reperfusion injury, multiple organ dysfunction syndrome (MODS), acute respiratory distress syndrome (ARDS), organ transplantation, post-cardiopulmonary bypass surgery, inhibition of apoptosis, inhibition of inflammation, protection of cells and improvement of circulation and coagulation. UTI also has immune regulation functions; it can attenuate excessive inflammatory reactions and protect lung injury induced by lipopolysaccharide (LPS) and severe burns ([@b7-mmr-16-06-8916]). Animal studies have already indicated that UTI significantly increased superoxide dismutase (SOD) in the renal tissues of renal injury rats induced by severe burns and decreased Scr and BUN ([@b11-mmr-16-06-8916]). UTI attenuated renal tubular epithelial cell necrosis, inflammatory cell infiltration and BUN increase in yeast polysaccharide-induced multiple organ dysfunction in rats ([@b12-mmr-16-06-8916]). The biochemical detection results in this study showed that neither UUO nor UTI significantly affected renal function in experimental rats. The H&E and Masson staining results showed that after UTI treatment, the renal interstitial injury index of the UUO rats significantly decreased and the area of fibrosis significantly decreased, which was similar to previous results ([@b14-mmr-16-06-8916]). These results indicated that UTI had a protective function in obstructive renal tissue injury.

UTI has been shown to inhibit lung fibrosis ([@b13-mmr-16-06-8916]) and renal fibrosis through blocking the TGF-β/Smad signaling pathway ([@b14-mmr-16-06-8916]). Excessive proliferation of myoblasts and excessive accumulation of extracellular matrix (including COL-I, CIL-III and fibronectin) are the major pathological changes in renal interstitial fibrosis. α-SMA is a marker of myoblasts. There are studies showing that after UUO, the rat renal tissues had significantly increased COL-I and α-SMA expression and exhibited renal interstitial fibrosis. Compared to the UUO group, COL-I and α-SMA significantly decreased after UTI treatment, renal interstitial extracellular matrix decreased, and renal interstitial fibrosis significantly decreased ([@b14-mmr-16-06-8916],[@b19-mmr-16-06-8916]). These results indicate that UTI had a specific function in the resistance to fibrosis in obstructive renal tissue injury.

There are many factors causing apoptosis in ureteral obstruction, such as ischemia and hypoxia, cytokines, growth factors, release of reactive oxygen and mechanical stretch ([@b20-mmr-16-06-8916]). A large number of studies have indicated that excessive apoptosis decreased the number of renal tubular epithelial cells to cause renal tubular atrophy, thus accelerating the progression of renal interstitial fibrosis ([@b21-mmr-16-06-8916]). Inhibition of cell apoptosis may delay or reverse renal tubular interstitial fibrosis, thus improving the renal function and prognosis of patients with kidney diseases ([@b4-mmr-16-06-8916]). In addition, recent studies indicated that apoptosis in the hippocampus of gerbils increased after cerebral ischemia, while UTI treatment inhibited Bax molecule expression and increased Bcl-2 expression in ischemia-induced apoptosis in hippocampus and decreased the TUNEL+ and caspase-3+ cells in the hippocampal CA1 region induced by cerebral ischemia, thus improving ischemia-induced short-term memory impairment ([@b9-mmr-16-06-8916]). UTI reduced the heatstroke-induced Bax/Bcl-2 ratio and caspase-3 levels in brain cells and inhibited cell apoptosis during cerebral injury ([@b10-mmr-16-06-8916]). In this study, the TUNEL results showed that obvious renal tubular epithelial cell apoptosis occurred after 7 days of UUO surgery. Compared to the UUO group, renal interstitial cell apoptosis significantly decreased after UTI treatment.

The Bcl-2 family and the caspase family members are major signaling regulatory proteins in cell apoptosis pathways. Currently, 25 Bcl-2 family homologous proteins have been discovered. Some members, such as Bad, Bid and Bax, have apoptosis promotion functions, and some members, such as Bcl-2, Bcl-x and Bcl-w, can block the release of cytochrome C from mitochondria to cytoplasm to inhibit cell apoptosis ([@b22-mmr-16-06-8916]). The caspase family member caspase-3 is the most important terminal (PARP) cleavage enzyme. It is an apoptosis executor and is also an important component in the killing mechanism of CTL.

The immunohistochemistry results in this study indicated that compared to those in the Sham group, Bax and caspase-3 expression increased and Bcl-2 expression decreased in the renal tubular epithelium of rats in the UUO group. UUO increased the Bax/Bcl-2 ratio and caspase-3 levels to induce cell apoptosis. Compared to that in the UUO group, Bax and caspase-3 expression significantly decreased, and Bcl-2 expression was upregulated in the UTI treatment group. These results indicated that UTI reduced cell apoptosis through the regulation of their expression levels.

In summary, UTI inhibited renal tubular epithelial cell apoptosis and fibrosis in UUO rats. These results suggest that UTI may play a role in preventing renal interstitial fibrosis through the inhibition of renal tubular epithelial cell apoptosis; therefore, UTI demonstrated a protective function against renal injury on the obstruction side. As an endogenous protease inhibitor, UTI has complicated biological functions. Its protective mechanism in UUO renal injury merits further study.
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![The rat (A) Scr and (B) BUN levels in the Sham, UUO and UTI groups were all within the normal ranges. Comparison among the 3 groups did not show any significant difference (P\>0.05). Scr, serum creatinine; BUN, blood urea nitrogen; UUO, unilateral ureteral obstruction; UTI, ulinastatin.](MMR-16-06-8916-g00){#f1-mmr-16-06-8916}

![UTI attenuated renal pathological changes of tubulointerstitial injury after ureteral obstruction. (A) H&E staining results in the Sham, UUO and UTI groups (magnification, ×100). (B) Masson staining results in the Sham, UUO and UTI groups (magnification, ×100). (C) Statistical graph showing the semi-quantitative analysis of the tubulointerstitial injury results. (D) The statistical graph showing the semi-quantitative analysis of the tubulointerstitial fibrosis results. All data are expressed as the mean ± standard deviation. Each group comprised 6 rats. ^\#^P\<0.01 for the UUO and UTI groups compared to the Sham group; \*P\<0.05 for the UTI group compared to the UUO group. H&E, hematoxylin and eosin; UUO, unilateral ureteral obstruction; UTI, ulinastatin.](MMR-16-06-8916-g01){#f2-mmr-16-06-8916}

![UTI decreased the number of apoptotic cells in the UUO model. (A) The numbers of apoptotic renal tubular epithelial cells in the Sham, UUO and UTI groups (magnification, ×400). (B) Statistical graph showing the statistical analysis results of the numbers of apoptotic cells in the 3 groups. All data are expressed as the mean ± standard deviation. Each group comprised 6 rats. ^\#^P\<0.01 for the UUO and UTI groups compared to the Sham group; \*P\<0.05 for the UTI group compared to the UUO group. UUO, unilateral ureteral obstruction; UTI, ulinastatin.](MMR-16-06-8916-g02){#f3-mmr-16-06-8916}

![Bax expression decreased and Bcl-2 expression increased in the UUO model after UTI intervention. (A) Expression of Bax in the Sham, UUO and UTI groups (magnification, ×200). (B) Expression of Bcl-2 in the Sham, UUO and UTI groups (magnification, ×200). (C) Statistical graph showing the semi-quantitative analysis of Bax expression in the 3 groups. (D) Statistical graph showing the semi-quantitative analysis of Bcl-2 expression in the 3 groups. All data are expressed as the mean ± standard deviation. Each group comprised 6 rats. ^\#^P\<0.01 for the UUO and UTI groups compared to the Sham group; \*P\<0.05 for the UTI group compared to the UUO group. UUO, unilateral ureteral obstruction; UTI, ulinastatin; Bax, apoptosis regulator Bax; Bcl-2, apoptosis regulator Bcl-2.](MMR-16-06-8916-g03){#f4-mmr-16-06-8916}

![UTI decreased caspase-3 expression in the UUO model. (A) Expression of caspase-3 in the Sham, UUO and UTI groups (magnification, ×200). (B) Statistical graph showing the semi-quantitative analysis of caspase-3 expression in the 3 groups. All data are expressed as the mean ± standard deviation. Each group comprised 6 rats. ^\#^P\<0.01 for the UUO and UTI groups compared to the Sham group; \*P\<0.05 for the UTI group compared to the UUO group. UUO, unilateral ureteral obstruction; UTI, ulinastatin.](MMR-16-06-8916-g04){#f5-mmr-16-06-8916}
